This paper presents a new interactive three-dimensional(3D) segmentation using region growing algorithms. The principle of this method is to build region growing sequence by increasing the maximal homogeneity threshold recursively until it satisfied with the needs. Firstly we calculate the average of the markers' coordination to get the seed point. Then calculate the difference between the neighbours and the average intensity of the seed points as well as using the modification of the Euclidean distance. Finally by conducting extensive performance evaluation to prove the proposed method more accurate and robust to the noise in CT images. We have successfully applied this approach to 3D segmentations of human femur obtained from CT scans. Satisfactory results have been achieved showing the effectiveness and superiority of the proposed method.
INTRODUCTION
There has been a larger number of work done on the enhancement and extraction of curvilinear structures from three-dimensional (3D) medical computed tomography (CT) and Magnetic Resonance Imaging (MRI) images, most of which has focused on the extraction of a specific anatomical structure from a specific imaging modality. Image segmentation can become very difficult, as the image gray value or color alone are rarely good indicators for object boundaries the system. Gu et al. [18] developed a plane fitting algorithm to distinguish the planar patches and applied them into three types of fissures.
For voxel-based segmentation approaches, 2D slices of images are represented by a 3D array of volume voxels. However the image size extremely affects processing time. For instance. an ordinary 256 ¥ 256 ¥ 256 image can yield about 3.3 million vertices and 6.6 million triangles, which will requires over 110 MB of memory [19] [20] [21] . When several models are handled simultaneously, the computer memory will be over-loaded. Moreover, many CAD systems may not be able to handle such a huge model. Therefore, data reduction is required to reduce the number of triangular facets to a reasonable size. Reducing the number of voxels reduces the accuracy of the triangular facets. Appropriate compensation should be proposed to deal with this problem [22] .
The goal of our research is to present a new interactive three-dimensional(3D) segmentation using region growing algorithms. the principle of this method is to build region growing sequence by increasing the maximal homogeneity threshold recursively until it meets with the needs [23] [24] [25] . In the algorithm we first calculate the average of the markers' coordination to get the seed point. Then calculate the difference between the neighbours and the average intensity of the seed points. Finally by conducting extensive performance evaluation to prove the proposed method more accurate and robust to the noise in CT images. The method iterates between region growing and surface fitting to maximize the larger number of connected vertices approximated by a single underlying surface. The usefulness of the method is demonstrated by the segmentation and visualization of femur CT image. Furthermore, the present interactive three-dimensional segmentation using region growing algorithms has simple calculation and stable result, is easy to be implemented and adapted for fusing the digital optical microscopic images which are shot by shallow depth of field.
The outline of this paper is as follows. Section II introduces interactive threedimensional segmentation using region growing algorithms. The Section III demonstrates the experimental results and discussion while concluding remarks and future work are given in Section IV. Figure 1 shows the structure of refined mesh determination from dynamic thresholding segmentation. In this approach an image is partitioned into a number of sub-images. Then the threshold for each sub image is calculated.
INTERACTIVE THREE-DIMENSIONAL SEGMENTATION USING REGION GROWING ALGORITHMS 2.1. The Structure of 3D Segmentation Using Region Growing Algorithms
The threshold is used to segment the sub-image and determine the best number of collocation points until either a given maximum level of refinement mesh is reached or the local truncation mesh error has dropped below the desired level. Suppose any feature consists of an intersection of two or more edges, each of edge can meet some certain requirements that can qualify the edge to be part of a feature. A feature can be regarded as possibly closed, simple, polygonal curve whose straight line segments are formed by qualifying edges. The small and medium triangles enclosing the contour are all specified by a directed edge, medium, that crosses the contour.
If the minimum and maximum values of normalized Gaussian curvature satisfied then a search for possible feature curves can be formed. Pointwise curvature approximations obtained from dividing integrated "Steinertype" curvatures through associated area terms. The convergence result may be
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Interactive Three-dimensional Segmentation Using Region Growing Algorithms interpreted as a justification of this construction which can provided that the edges of a polyhedral surface can well close the principal curvature directions of a smooth limit surface. We will use multi-level thresholding methods which can calculate multiple thresholds for an image and also segment the image into certain brightness regions. We use mean and variance of pixel distribution to determine the multiple thresholds. Every pixel can be represents by each Gaussian function and a threshold point. We will adjust the threshold parameter to improve the classification accuracy for the proposed method. We will use geometric support construction method which the set of polygonal segments of boundary curve will be located in the any list. At the same time, refinement of curve will be correct in the any highly curved regions on the boundary curve. If mesh conformity is allowed to be violated, mesh refinement and transitioning between coarse-mesh and fine-mesh regions will become easier.
Multi-level Thresholding
Thin triangles mesh are generated when a polyhedral cell face is approximately tangential to the implicit surface; also small triangles are generated if a polyhedral cell corner is close to the surface using thresholding segmentation [26] . The color gradient map is developed with a vector color gradient matrix, D, which can be defined as: (1) Where u, v and w denote three color channels of a color image C, and x and y denote the spatial coordinates of each pixel of C. The product matrix D T D is represented as following: (2) Next, we use a faceted representation to generate triangle mesh as following:
where P(f) represents the set of all face vertices, |P(f)| denotes a number of vertices for the face, and x c face is the coordinates of face center and x i is the i-th vertex.
The following step, the triangulated generalized polyhedral cell can be decomposed into sub-tetrahedra by triangulated surface as well as one additional vertex inside of the cell, "cell center" described as follows: (4) where P(c) denotes the set of all cell vertices, |P(c)| represents the total number of vertices for the cell, and x c cell is the coordinates of cell center and x i is i-th vertex.
The governing finite element equations are discretized on a triangular or tetra Euler or NS mesh motivating a Galerkin method based on CT image data as following :
Where H h (Ω) represent a finite-dimensional function space on Ω, and n denote the dimension of the space. The finite element problem can be solved u h ∈U h such that ∀ϕ h ∈ ∅ h : (7) Mesh high -resolution will be quite adequate to resolve features of the elastic solution, then H h is regarded as the space of functions linear on the elements of the mesh, and we have ε(ϕ h ):σ (u h ) is constant on the elements, simplifying implementation greatly.
Computation of Surface Normals and Curvature Region Growing
Region growing need to extract a region of the image based on some predefined criteria which requires to calculate the difference between the neighbours and the average intensity of the seed points [27] . Let an initial seed point p i and all neighbors list for a current region Rc.
An edge between seed point p i and its neighbor p j can be formulated as:
Where ε q and ε d represent maximum angular and length tolerances, respectively. At every pixel along its image axes, we calculate the intensity difference between the neighbors and average. In region growing process, two points defined to be spatially be as close as the majority of the points that are close to their neighborhood. Euclidian Distance (ED) to compute the point to point distance. The coordinates of the seed point are computed as the initial centroid of the growing region.
We compute the local surface normal n i for point P i as the weighted average of the plane normals of the faces surrounding P i . Using the cross product between the difference vectors of the bounding vertices to compute the face normal, and choosing the weights to be proportional to the area of triangles, removes the need of normalizing the face normals beforehand. Thus, we can obtain n i as following: (9) Where P j,a , P j,b and P j,c form triangle j. Definition 1. Let n 1 and n 2 are the two unit normals for the i th point. V ⊂ S be a finite set of points which contains all cone points, the surfels set S and boundary points set B i.e. The seed point P i is labeled as the current region R c . Hence the same process of region growing will be continued until S ∪ B is empty. Definition 2. Let point cloud P = {p i }, set of normals N = {n i }, set of curvature values {σ ( p i )}, neighbor P j is in P then insert P j into current region R c and current seed point S c . Hence sort the merged regions as the final segment.
Sharp Image Estimation
Be taking advantage of the original sharp image, we use sub-pixel edge detection for blind prediction and sub-pixel corner detection for nonblind prediction. Our method is to group each stronger edge with edge with its weaker ghost edges using contour matching. After the ghost edges are identified, sharp edge prediction only for the primary edges will be performed. Sharp edges from potential seed regions will be excluded during the region-growing phase [28] .
The similarity between neighbors around pixel p and its adjacent region R j ( j∈{1, 2, …, n}) is first computed. The simplest definition of the similarity is: (10) Where I(p) is the gray level of the pixel p. The shape edge can be computed as following: (11) Where the smallest radius of mesh curvature 1/|k max | at a vertex represent the scale of a feature and the average edge length l avg from equation is the sampling density.
Algorithm Surface Segmentation Using Region Growing
Algorithm 2.1 Surface segmentation using Region Growing Input:
3D datasets from CT Images Output:
The corresponding voxel sets of the extracted surfaces R = {R c }¨list of regions Begin
Initialize the image p, For P∈S, the similarity between P and its adjacent region R j (j∈{1, 2, …, n}) is first computed.
Check the criterion for growing region; If the feature at x is similar to the characterizing feature of the adjacent region do Add x to the region; else Arbitrarily pick a voxel w ∈S e ; S(n)¨w; S(n)¨S(n) U{u}; S e¨Se -{w}; If a voxel u ∈S e such that there exists a voxel w ∈S(n) ∧ N(u), Do Calculate angle threshold q ij between P i and P j .
For each immediate neighbouring pixel y of x Do
δ = − ∈ p I p mean I q ( ) | ( ) [ ( )]| i q R i < l 1 |k | 10 i avg i max, , δ = − ∈ p I p mean I q ( ) | ( ) [ ( )]| i q R i
If minimum difference <Threshold Do
The total mean curvature H(s) equals the integral of the Euler characteristic of the intersection of the plane with . Suppose u ∈ S 2 and the dot product with that vector, u: R 3 →R, then, (12) If C:S 1 →R n for a closed mesh curve and C: [0,1]→R n for an open curve. We will use C to represent both the map and its image, which is a geometric set. Suppose C is smooth, we can define its curvature, k(s), at every point p = C(s).
RESULTS AND ANALYSIS
In order to validate the method of presented above, the proposed region growing method was applied to the following example. The datasets are achieved by computed tomography scanner(CT scan). 3D volumetric CT human femur bones scans of 10 persons are obtained, The slices were provided with 16-bit resolution and then were stored as 16-bit monochromatic images of the resolution 512 ¥ 512 pixels. Every Individual slice was stacked into a 3D space representing volumetric data sets. The algorithms were written using Visual C 6.0 and OpenGL and run on a PC(PD E5300, 4G DDRII 800). Before calculating the normal values of the region growing from the points, outliers or spikes were removed from the initial scan data. For performing the preprocess tasks commercial software packages, The first step is to choose the features: image intensities; extracted edges; corners; line intersections; centroids and meshes. The second step is to choose a similarity measure which applies the closeness of the feature set extracted from CT image. The next step is to parameterize the spatial transformation. And final step is to specify the searching strategies to maximize the similarity measure. Fig. 2 . shows our novel image segmentation and smoothing through constrained-based region growing. (a) the initial datasets from CT; (b) after first
time region growing (c) after 10 iteration region growing (d) initial mesh generation (e) mesh generation after wrap. Due to the combination of the definition evaluation of the microscopic image, and segmentation of the fuzzy region and clear region by region growing, the fusion results of the microscopic image of our method show great advantages Interactive three-dimensional segmentation using region growing algorithms.
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Interactive Three-dimensional Segmentation Using Region Growing Algorithms For data set consisting of about 500 16-bit slices of the resolution 512 ¥ 512 pixels measured on 3.2 GHz Intel single CPU system. As shown in fig. 3 is the human femur three-dimensional reconstruction; (a) X-ray scans; (b) CT slice; (c) three-dimensional reconstruction meshes boundary. As shown in fig. 4 is the comparison of processing time between our method with Ridha' method [12] for femur CT data in fig. 3 ;(a) processing time with different number of pixels; fig. 4 , the runtime of our proposed algorithm is less than Ridha' method as shown in fig. 4 . Our method is fully parallelizable and can be adapted to multiprocessor systems which are supposed to cut down the runtime of the algorithm.
CONCLUSIONS AND FUTURE WORKS
We presented a technique that integrates topological analysis of generating segmented quality meshes through constrained-based region growing. We calculate the average of the markers' coordination to get the seed point. Then calculating the difference between the neighbours and the average intensity of the seed points as well as using the modification of the Euclidean distance. Finally the method iterates between region growing and surface fitting to maximize the larger number of connected vertices approximated by a single underlying surface. The integration of both techniques improves the robustness of contour extraction and, consequently, also the robustness of mesh generation from CT image. Compare to the existing method, it shows that our method is simple calculation and stable result which can reduce the compute time while keep the accuracy of the triangular facets. The future work is to develop the high-resolution image-based finite element modeling to estimates non-parametric, spatially-varying blur functions (i.e., point-spread functions or PSFs) at subpixel resolution from a single image
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